Purpose: This study was designed to allow a student at School of Medicine, Kyungpook National University (KNUSOM) to self-assess how well they had achieved competency and to analyze the differences and trends of the scores by year. Furthermore, students are asked to evaluate the need for curriculum improvement by competency, the tendency of the score is analyzed by year, and the results are reflected in the improvement of the curriculum. Methods: We conducted a questionnaire survey for fourth-year students of KNUSOM who took medical education classes from 2015 to 2018. Questionnaire items were evaluated on the basis of their current achievement of 30 subordinate competencies of competency and the degree of necessity with respect to revising the curriculum. One-way analysis of variance was performed for the yearly difference analysis.
Introduction
Korean medical schools have adopted outcome-based curriculums and developed terminal competencies that students have to achieve at the time of graduation.
However, how the students' achievement of the terminal competencies will be measured and who will evaluate the attainment remain an unsolved problem [1] . When we divide the domain of terminal competencies into the areas of knowledge, clinical skills, and attitude, we can identify examination or measurement tools that can determine whether students have achieved competencies in each of is difficult to find standardized testing instruments or reliable instruments to measure the attitude domain [2, 3] .
For example, competencies such as communication skills and empathy are difficult to measure because there are few standardized instruments or methods to measure them. Even in the knowledge and attitude domains that have relatively objective and concrete assessment methods, there are neither commonly used instruments nor methods to measure specific competencies, such as critical thinking and clinical reasoning competencies, nor methods to measure the students' current progressive levels. Thus, in the absence of a recommended set of assessment instruments for each of the terminal competencies in each school, the self-assessment method in which the students themselves evaluate their own competence is recommended as a useful and meaningful competency evaluation method [4, 5] .
Previous Korean studies on competency measurement reported about clinical performance competency improvement based on the results of OSCE and CPX [6] [7] [8] and medical professional competency by self-assessment [9] . There are no previous studies that have assessed the students regarding the achievement of all terminal competencies at a medical school. In other countries, most studies also report on the measurement of clinical performance competency [4, [10] [11] [12] [13] .
Competency self-assessments are used as a method to identity improvement in clinical skills or professionalism [4, 5, 10, 11] . Although there are some negative views on self-assessment [3, 5, 14] , a real performance level is reflected in self-assessment [4, 15] and this method is recommended [2, 4, 16, 17] as it has its own meaning since it is an assessment of the self-perceived ability by the students themselves. Moreover, some argue that accurate self-assessment [10, 14] is one of the competencies necessary for physicians in the era of lifelong learning [18] . Based on these previous studies, the authors regarded students' self-assessment of their competencies at the end of their education as a meaningful competency assessment method. With this rationale, this study adopted a self-assessment method that uses surveys to assess students' competencies.
The purpose of this study is to assign the graduating senior students at School of Medicine, Kyungpook National University (KNUSOM) self-assessment of their own achievement of terminal competencies. The subjects will also be tasked with assessing the need for curriculum improvement with regard to each competency each year with the aim of analyzing the annual trend. In addition, the results of this study will be reflected in the improvement of the curriculum.
Methods
The research subjects were seniors at KNUSOM who (Table 1 ). The number of students who took the medical education class varied because the class was an elective course in the senior The trend was analyzed by using a graph reasoned that the analysis of years of accumulated data would make it possible to estimate the students' achievement levels with respect to each competency based on their selfassessments after they completed a new curriculum. We expected that the competencies of low and high achievement levels would be derived from years of accumulated data. We considered the results of 1-year assessments by students would be insufficient to prove the effectiveness of the curriculums. Instead, we judged that reporting on years of students' assessments would be reliable. Fourth, in order to identify the score differences between the students' self-assessment of competencies and the need for curriculum strengthening or supplementation, the mean scores of the two domains obtained for 4 years were compared with respect to each competency. Because the scores of the two domains showed an inverse relationship, it was inconsequential to conduct a one-way ANOVA for the purpose of identifying the score differences. Consequently, the mean scores of the two domains were compared in a graph so that the score differences could be visually interpreted. Fifth, with respect to curriculum improvement, the top five items with the highest scores were analyzed. The item with the fifth highest score was set as a (Table 3) .
When annual differences in competency scores were analyzed, no difference was found in the annual mean scores of the 30 competencies. However, there were significant variations in 16 among the 30 competencies (Table 3) . Competencies with high and low assessment scores in each year were identified, and there were ten sub-abilities that scored more than 3.50 points over 3 years in 4 years: six sub-abilities in clinical performance competency and four in professionalism competency.
Medical knowledge, research capabilities, and global competencies were not included in this category. On the other hand, there were four sub-abilities that scored 3.0 or lower over 3 years (Table 3 ).
We calculated the achievement level of the students' graduation ability on the basis of 100%. The average score of achievement by year was calculated as 100%. As a result, the achievement level of the students was approximately 60% to 70%. When the circle shows the achievement of the graduation ability, the area of the circle is the total target that the students must achieve.
Outside the line, this area can be seen as the amount of competency that students have not yet achieved, and the amount is calculated as 30%-40% (Fig. 1 ).
Results of the analysis on the annual trend of students' self-assessment of terminal competencies
Although the students' self-assessment scores of the 30 sub-abilities and the mean score of the sub-abilities Table 5 ). The yearly trends in competency education, which needed to improve and complement the curriculum, were reflected in those of the students' competency achievement results.
We found that students responded indicating that they needed more education about the competencies in the response areas in which they had low achievement.
Although the educational improvement requirement scores for 30 items were different every year, the competencies showing high scores and low scores were similar year by year (Fig. 3) . (Table 5 ).
Score gaps between students' selfassessment and the need for education improvement
The annual average scores of the students' selfassessment of competencies and the annual average improvement were compared, we found that the average scores of the two areas showed inverse patterns (Fig. 4) .
That is, the terminal competencies with lower self-assessment scores had higher scores of the competencies that require education improvement than self-assessment scores (Fig. 4) .
Discussion
This study is to assess the graduating students' achievement of terminal competencies by using a selfassessment, to identify the competencies that require In that study, the students gave themselves higher scores for performance competency when they had more frequent performance sessions [11] . That is, students tend to assess themselves higher when they are given more education and training opportunities.
The results of the analysis on the annual differences in competency scores showed that there was no difference However, we believe that the basic medical science domain requires careful analysis since its scores are high both in self-assessment and the need for improvement.
Basic medical science is a mandatory course for students to learn and all students passed the course without fail.
Therefore, it is reasonable that the students' selfassessment scores regarding this competency are high.
As for the result indicating that the need for im- This study is significant in that it is the first Korean study that has reported on medical students' achievement of terminal competencies. However, it can be noted it is difficult for a self-assessment of terminal competencies to have an adequate level of reliability. In several studies, self-assessment is widely used as a method to identify competency achievement [5] and it is a meaningful method to assess competencies [4, 16] . Further-more, some argue that self-assessment is a surrogate method to assess objective improvement [10] . Leonardi et al. [4] in 2018 used self-assessment for the competency assessment of obstetrics and gynecology residents in their study. As indicated by the results of the study, they reported that the residents' perceived competencies were quite meaningful in recognition of the validity of self-assessment. Of course, it has also been reported that there are gaps between self-assessment scores and real assessment scores of performance.
However, self-assessment scores can represent the students' confidence. While confidence does not necessarily lead to competency, it can follow the trajectory if much time is invested [4] . Meanwhile, MacDonald et al. [13] in 2003 argued that self-assessment is critical to encouraging and improving the ability of professionals.
The reason is that students and residents should be able to accurately self-assess their skills [13] . Of course, there is a difference between the students' selfassessment and the experts' real assessment of performance, and students' self-assessment scores were generally higher than objective assessment scores. In conclusion, we believe that the use of self-assessment is an appropriate, relatively efficient and simple method to evaluate the achievement of competencies, to assess students' achievement and to evaluate the curriculum.
This study presents evidence that self-assessment can be used in other schools as a means to suggest methods to improve students' competencies and curriculums.
In further studies, it would be meaningful to examine the students' competency levels as perceived by the professors and thus identify the gaps between the students' self-assessment and the professor's assessment. For example, a professor may have strengthened a curriculum, thinking that the students' competency in a specific area is insufficient. However, students, in response, might raise a complaint, thinking that they have sufficient competency in that area. Therefore, as the gap between the competency levels perceived by the professors and the students is examined and offered to professors and students, the exchange would facilitate communication among education participants. As they can better understand one another, it is expected that they can set the right directions for curriculum improvement and harmoniously find the balance in terms of the educational need between educators and learners. In particular, if a gap between the students' self-assessment and the real performance is examined with respect to clinical skills or performances, and thus it is found a gap between the students' confidence and their real and insufficient competencies. Based on these results, we expect that educators will be able to improve the curriculum to direct students' confidence toward their real competencies.
ORCID:
Sanghee Yeo: https://orcid.org/0000-0002-6210-6789;
Bong Hyun Chang: https://orcid.org/0000-0003-4082-412X
